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1
CONICALLY SHAPED PHACO TIP

The present invention generally relates to ultrasonic
surgical instruments, and more particularly, relates to a
needle specifically designed for promoting cavitation in eye
tissue and for the removal of fragmented tissue from the eye.

Phacoemulsification mmvolves utilization of a hand held
microsurgical tool known as a phacoemulsification hand-
piece or probe. The phacoemulsification handpiece utilizes a
small diameter needle with a tip that 1s designed for
emulsifying, fragmenting and/or cutting tissue after it 1s
inserted into an 1ncision 1nto the cornea or sclera of an eye.

The needle typically includes a central channel, or
lumen, connected to a source of suction, which aspirates the
emulsified, or fragmented, tissue from the eye.

The needle and tip 1s vibrated by an ultrasonic source and
a hydrodynamic flow of a saline solution 1s established 1n
order to prevent collapse of the eye interior chamber. As

particles of cataract tissue are emulsified, cut, or fragmented
from the cataract mass, the particles are removed from the
chamber through the tip central lumen.

Many attempts have been made to improve the perfor-
mance of the needle by way of enhancing the introduction of
ultrasonic energy in order to provide cavitation of tissue to
facilitate the fragmentation or emulsification thereof within
the needle. Several types of needles have been developed,
which include a design having a beveled or stepped edge 1n
order to enhance the cutting efficiency of the cutting tip.
Such as, for example, described 1n U.S. Pat. No. 5,993,408
to Zaleski.

Other developments include constant diameter needles
having a tip wherein a forward projected surface at a beveled
cutting edge 1s provided to enhance cavitation within the
needle. See for example, a phaco tip geometry described in
Ophthalmology Times V17 N14 P64 (Jul. 15, 1992). This
article teaches a suction channel having a outward-tapering
section that tapers conically 1n toward the suction channel
toward the aperture at the tip of the needle.

This article asserts that a needle widening enables frag-
mentation of lens material with lower levels of power and
permits higher suction pressures.

Further developments 1n needle tips include boring the
fip to various sizes 1n a step-like progression as set forth in
U.S. Pat. No. 5,451,229 to Geuder et al.

Unfortunately, none of the prior art has discovered the
importance of emulsifying tissue particles before they enter
the needle. The present invention 1s directed to the design of
a needle tip with a radiation surface 1n order to enhance the
ciiciency of the needle tip by increasing a forward ultra-
sonic projection area of the needle.

SUMMARY OF THE INVENTION

Phacoemulsification needle 1n accordance with the
present invention generally includes a needle body having a
aspiration lumen therethrough and a hub disposed at a
proximal end of the needle body for engaging an ultrasonic
handpiece 1n order to couple ultrasonic energy to the needle
body.

A tip 1s provided and disposed at a distal end of the needle
body for penetrating tissue to be emulsified. The tip includes
a larger diameter than a needle body diameter in order to
provide for a conical ultrasonic radiation surface disposed at
the tip for promoting cavitation in tissue forward of the
needle tip. The conical ultrasonic radiation surface extends
from the lumen to an end of the tip, that 1s, the conical
surface intersects the end of the tip rather than an interior
surface of the tip at a spaced apart distance from the end of
the tip.
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This structure causes a focusing of ultrasonic beyond the
end of the tip and promotes cavitation of tissue particles
before such ftissue particles enter the needle. This prior
cavitation significantly reduces the likelihood of plugging
and/or clogging the aspiration lumen.

Importantly, the angle of disposition of the conical ultra-
sonic radiation surface 1s determined by maximizing the
forward facing or focusing area of the interior of the tip. It
has been found that the efficiency of ultrasonic radiation
from the tip, which provides for forward cavitation, can be
enhanced when the angle of radiation surface 1s selected in

accordance with maximizing the forward focusing area
within the geometrical constraints of a phaco tip. In this
regard, the larger diameter of the tip enables a larger
maximum diameter of the conical surface and a greater
focusing area.

For example, the conical radiation surface may be dis-
posed at an angle of between about 2 degrees and about 10
degrees with respect to a longitudinal axis of the needle
body. Speciiically, the ultrasonic radiation may be disposed
at an angle of about 6 degrees with respect to the needle
body longitudinal axis.

The present invention may also be defined as having a
conical ultrasonic radiation surface of revolution which 1s
disposed at the tip for promoting cavitation 1n tissue beyond
the needle with the surface of revolution being established
about a longitudinal axis of the needle body by a straight line
extending between the lumen and a bitter end of the tip. The
straight line 1ntersecting between the longitudinal axis
defines a disposition of the conical radiation surface which
as heremnabove noted 1t may be between 2 degrees and about
10 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages of the present invention will be more
clearly understood with reference to the following detailed
description when considered 1n conjunction with the
appended drawings of which:

FIG. 1 1s a perspective view of a phacoemulsification
needle 1n accordance with the present invention;

FIG. 2 1n a cross-sectional view of the needle shown 1n
FIG. 1 taken along the line 2—2;

FIG. 3 1n an enlarged view of the needle tip in accordance
with the present mvention as indicated by the section A as
shown 1n FIG. 2, more clearly showing the angle of dispo-
sition of the conical radiating surface;

FIG. 4 1s a cross-section of a tip 1n accordance with the
present invention illustrating a focusing of ultrasonic energy
beyond an end of the tip in order to fragment tissue before
it enters the tip;

FIG. 5 1s a cross-section of a prior art tip showing for
comparison purposes, the focusing of ultrasonic energy
within the prior art tip which can lead to clogging of an
aspiration lumen passing through the prior art tip; and

FIG. 6 1s a cross-sectional view of an alternative embodi-
ment of the present mnvention utilizing a needle tip disposed
at an angle with a needle body.

DETAILED DESCRIPTION

With reference to. FIG. 1, there 1s shown a phacoemul-
sification needle 1n accordance with the present invention
that may be formed from any conventional materials, as 1s
well known 1n the art, for the manufacture of phacoemul-
sification needles.

The needle 10 generally imncludes a needle body 12 with
a lumen 14 therethrough for aspiration of fluid, see FIGS. 2
and 3.
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A hub 20 1s disposed at a proximal end 22 of the needle
10 for engaging an ultrasonic handpiece (not shown) in
order to couple ultrasonic energy to the needle body 12.

Aneedle tip 24 15 disposed at a distal end 28 of the needle
body 12 for penetrating tissue (not shown) to be emulsified.
Preferably, the tip 24 has a larger diameter D, than a

diameter D, of the needle body 12.

For example, when the outside diameter D, of the needle
body 12 1s approximately 0.034 inches, the tip diameter D,
may be about 0.042 inches. Despite this small imncrease in
size, a significant advantages 1s provided by enabling the
conical surface 32 to be formed within the tip 24.

The surface 32 may be defined as a conical ultrasonic
radiation surface of revolution which 1s disposed 1n the tip
24 and established by a straight line 38 extending between
the lumen 14 and an end of the tip 24. As a result of the
increased or larger tip diameter, a larger maximum diameter
of the conical surface 1s afforded which results in a larger
forward focusing surface for radiation of ultrasonic energy.

The needle geometry of the needle body 12 1s determined
by a number of factors which include; incision site, flow
characteristics, resonant frequency among others.

Preferably, the conical radiation surface 32 is disposed at
an angle of between about 2 degrees and about 10 degrees,
10 degrees being the maximum practical interior angle. The
exact angle of disposition A 1s determined by the interior and
outer diameter of the tip and the required depth, which being
dependent upon the hereinabove noted factors, can be
adjusted so that the forward facing or focusing area 1s
maximized.

Coordinating the conical body surface angle disposition
with the needle geometry can result in an 1increase of forward
focusing surface area efficiency of up to about 250%.

As shown 1n FIG. 4, a needle tip 42 in accordance with the
present mvention 1ncludes a radiating and focusing surface
44 which focuses ultrasonic energy, 1llustrated by the line 46
to a point 48 beyond an end 50 of the tip 42. This focusing
causes cavitation and break up of tissue (not shown) before
such tissue enters a needle tip lumen 52. Consequently, the
likelihood of plugging or clogging the lumen 1s significantly
reduced.

The surface 44 structure 1s to be compared to a prior art
needle 56, shown in FIG. 5. In this instance, a focusing
surface 58 causes a focusing of ultrasonic energy at a point
60 within the needle. The tissue 1s subjected to cavitation
very close to the needle lumen 62, and consequently, clog-
omng of the lumen 62 1s more likely to occur.

Referring to FIG. 6 there 1s shown an alternative embodi-
ment of a phacoemulsification needle 70 1n accordance with
the present invention which generally includes a straight
needle body 72 having a lumen 74 therethrough for aspira-
tion of fluid as hereinbefore described 1n connection with the
needle 10 shown 1n FIGS. 1-3. The needle 70 includes an
angulated tip 80 having a diameter D, greater than a diameter
D, of the needle body 72 which provides for the advantages
set for the in the description of needle 10.

The needle tip 80 1s disposed at an angle B with respect
to the needle body 72, which may be from about 0 degrees
to about 45 degrees. This angulated tip has an advantage in
reducing uncomiortable hand and finger positions of the
surgeon when manipulating the needle tip 60 in a relation to
a fixed corneal 1ncision for bringing a conical surface 62 into
a proper “head-on” position for breaking up the lens tissue
in the inherently confined spatial areas involved (not
shown).
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Although there has been herecmabove described a pha-
coemulsification needle in accordance with the present
invention for the purpose of 1llustrating a manner 1n which
the invention may be used to advantage, 1t will be appreci-
ated that the invention 1s not limited thereto. Accordingly,
any and all modifications, variations, or equivalent arrange-
ment which may occur to those skilled 1n the art should be
considered to be within the scope of the invention as defined

in the appended claims
What 1s claimed 1s:

1. A phacoemulsification needle comprising:
a needle body having an outside surface and an aspiration
lumen therethrough;

a hub, disposed at a proximal end of said needle body, for
engaging an ultrasonic handpiece in order to couple
ultrasonic energy to said needle body;

a tip, disposed at a distal end of said needle body, for
penetrating tissue to be emulsified, said tip having a

larger diameter than said needle body, said tip having a

tip end disposed in a plane perpendicular to a tip

longitudinal axis; and

a conical ultrasonic radiation surface, disposed 1n said tip,

for focusing the ultrasonic energy In a converging
manner 1n said tissue 1 order to break up ftissue
particles before the tissue particles enter said tip, the
radiation surface having a maximum diameter greater
than the needle body outside diameter.

2. The needle according to claam 1 wherein said conical
ultrasonic radiation surface 1s disposed at an angle of
between about 2 degrees and about 10 degrees with respect
to a longitudinal axis of said needle body.

3. The needle according to claim 2 wherein said conical
ultrasonic radiation surface 1s disposed at an angle of about
6 degrees with respect to the needle body longitudinal axis.

4. The needle according to claim 1 wherein said tip 1s
disposed at an angle to said needle body.

5. The needle according to claim 4 wherein said tip 1s
disposed at an angle of between about 0 degrees and about
45 degrees to said needle body.

6. A phacoemulsification needle comprising:

a needle body having a aspiration lumen therethrough;

a hub, disposed at a proximal end of said needle body, for
engaging an ultrasonic handpiece in order to couple
ultrasonic energy to said needle bodys;

a tip, disposed at a distal end of said needle body, for

penetrating tissue to be emulsified, said tip having a
larger diameter than said needle body, said tip having a
tip end disposed in a plane perpendicular to a tip
longitudinal axis; and

a conical ultrasonic radiation surface of revolution, dis-

posed 1n said tip for promoting cavitation 1n said tissue
by focusing the ultrasonic energy 1n a converging
manner, said conical ultrasonic radiation surface
extending from the lumen to the end of said tip, the tip
larger diameter enabling a larger maximum diameter of
the conical radiation surface, the maximum diameter
being greater than an outside diameter of said needle
body.

7. The needle according to claim 6 wherein said conical
ultrasonic radiation surface 1s disposed at an angle of
between about 2 degrees and about 10 degrees with respect
to a longitudinal axis of said needle body.

8. The needle according to claim 7 wherein said conical
ultrasonic radiation surface 1s disposed at an angle of about
6 degrees with respect to the needle body longitudinal axis.

9. The needle according to claim 6 wherein said tip 1s
disposed at an angle to said needle body.
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10. The needle according to claim 9 wherein said tip 1s
disposed at an angle of between about 0 degrees and about
45 degrees to said needle body.

11. A phacoemulsification needle comprising;

a needle body having a aspiration lumen therethrough;

a hub, disposed at a proximal end of said needle body, for
engaging an ultrasonic handpiece in order to couple
ultrasonic energy to said needle body;

a tip, disposed at a distal end of said needle body, for
penetrating tissue to be emulsified, said tip having a
larger diameter than said needle body, and a conical
ultrasonic radiation surface of revolution, disposed in
said tip for promoting cavitation 1 said tissue by

focusing the ultrasonic energy 1n a converging manner,

the surface of revolution being established about a

longitudinal axis of said needle body by a straight line

extending between the lumen and the end of said tip,
the tip larger diameter enabling a larger maximum
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diameter of the conical radiation surface, the tip end
being disposed 1n a plane perpendicular to the longi-
tudinal axis, the maximum diameter of the conical
radiation surface being larger than an outside diameter
of said needle body.

12. The needle according to claim 11 wherein said conical
ultrasonic radiation surface 1s disposed at an angle of
between about 2 degrees and about 10 degrees with respect
to a longitudinal axis of said needle body.

13. The needle according to claim 12 wherein said conical
ultrasonic radiation surface 1s disposed at an angle of about
6 degrees with respect to the needle body longitudinal axis.

14. The needle according to claim 13 wherein said tip 1s
disposed at an angle to said needle body.

15. The needle according to claim 14 wherein said tip 1s
disposed at an angle of between about 0 degrees and about
45 degrees to said needle body.
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